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(57)Abstract: 

PURPOSE: To perform recovery treatment to recover catalytic 
performance when a catalyst is temporarily deteriorated. 
CONSTITUTION: There are provided a catalyst 1 for purifying 
exhaust gas in which palladium is mainly deposited as catalytic 
metal installed in an engine exhaust gas system, a deterioration 
degree detecting means 51 for detecting the degree of 
deterioration of the catalyst 1, an exhaust gas temp, detecting 
means 13 for detecting the temp, of exhaust gas flowing in the 
catalyst 1, a means 52 forjudging if the time is ripe for the 
deterioration recovery treatment of the catalyst 1 according to 
the catalyst deterioration degree detected, and a means 53 for 
controlling the air/fuel ratio of exhaust gas to the deterioration 
recovery air/fuel ratio on the lean side rather than the 
theoretical air/fuel ratio to perform the deterioration recovery 
treatment of the catalyst 1 when the judged result is that the 
time is ripe for the deterioration recovery treatment and the 
detected exhaust gas temp, is not less than the prescribed one. 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~ ~~ ~~~ 

[Claim 1] The catalyst for exhaust air clarification installed in the engine exhaust air system 
which made palladium mainly support as a catalyst metal, A degradation degree detection means 
to detect the degradation degree of this catalyst, and an exhaust-gas-temperature detection 
means to detect the exhaust-gas temperature which flows into a catalyst, A degradation 
recovery stage judging means to judge the stage to perform degradation recovery of a catalyst 
according to the detected catalyst de-activation degree, The exhaust emission control device of 
the internal combustion engine characterized by having a degradation recovery means to control 
the air-fuel ratio of exhaust air rather than theoretical air fuel ratio to the degradation recovery 
air-fuel ratio by the side of Lean, and to perform degradation recovery of a catalyst when the 
exhaust-gas temperature with which there is this judgment result at a degradation recovery 
stage, and it was detected at it is beyond a predetermined value. 

[Claim 2] The catalyst for exhaust air clarification installed in the engine exhaust air system 
which made palladium mainly support as a catalyst metal, A degradation degree detection means 
to detect the degradation degree of this catalyst, and an exhaust-gas-temperature detection 
means to detect the exhaust-gas temperature which flows into a catalyst, A degradation 
recovery stage judging means to judge the stage to perform degradation recovery of a catalyst 
according to the detected catalyst de-activation degree, A degradation recovery time setting 
means to set up the time amount which performs degradation recovery of a catalyst according 
to the detected catalyst de-activation degree, A degradation recovery means to control the air- 
fuel ratio of exhaust air rather than theoretical air fuel ratio to the degradation recovery air-fuel 
ratio by the side of Lean, and to perform degradation recovery of a catalyst when the exhaust- 
gas temperature with which there is said judgment result at a degradation recovery stage, and it 
was detected at it is beyond a predetermined value, The exhaust emission control device of the 
internal combustion engine characterized by having a degradation recovery termination means to 
terminate degradation recovery when the degradation recovery time amount to which the 
addition time amount after shifting to this degradation recovery was set is reached. 
[Claim 3] An exposure possible time amount presumption means to presume time amount when 
said degradation recovery stage judging means exposes a catalyst to the exhaust air beyond 
predetermined temperature based on the detection value of the catalyst de-activation degree 
immediately after engine start up, until a degradation degree advances across tolerance, The 
exhaust emission control device of an internal combustion engine according to claim 1 or 2 which 
consists of comparison test means to compare an exposure time addition means to integrate the 
time amount this detected exhaust-gas temperature of whose is beyond a predetermined value 
with the exposure possible time amount presumed to be the integrated exposure time, and to 
judge a degradation recovery stage. 

[Claim 4] A storage means by which said degradation recovery stage judging means memorizes 
the degradation degree which the degradation degree detection means detected immediately 
after engine start up as an initial degradation degree, A degradation percentage-of-completion 
calculation means to compute the difference of the degradation degree and initial degradation 
degree which were detected for every predetermined time. The exhaust emission control device 
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of an internal combustion engi^raccordihg to cfaim 1 or 2 which consists of comparison test 

means to compare this degradation percentage of completion with the reference value set up 

according to an initial degradation degree, and to judge a degradation recovery stage. 

[Claim 5] Said degradation recovery means is the exhaust emission control device of the internal 

combustion engine of any one publication of claim 1-4 which the feedback control multiplier 

when carrying out feedback control of an engines air-fuel ratio to theoretical air fuel ratio is 

amended [ internal combustion engine ], and shifts an air-fuel ratio to the Lean side. 

[Claim 6] Said degradation recovery means is the exhaust emission control device of the internal 

combustion engine of any one publication of claim 1-4 which secondary air is introduced 

[ internal combustion engine ] into the upstream of the catalyst installed in the flueway, and 

shifts the air-fuel ratio of catalyst inflow exhaust air to the Lean side. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION ~~ ~~ ——————— 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an internal combustion engines exhaust 

emission control device. 

[0002] 

[Description of the Prior Art] While carrying out feedback control of the air-fuel ratio so that it 
may become theoretical air fuel ratio in order to defecate the exhaust gas discharged by the 
internal combustion engine, the system which installed in the flueway the three way component 
catalyst which performs oxidation of HC and CO and reduction of NO simultaneously is put in 
practical use widely. 

[0003] What used as the principal component the palladium excellent in low-temperature activity 

which functions good [ from ] among short time after engine start up as a catalyst metal used 

for this three way component catalyst is developed (refer to JP,58-189037,A). 

[0004] Oxide of palladium (Pd) is stable in ordinary temperature, and it demonstrates a catalysis 

as oxidization palladium (PdO). 

[0005] 

[Problem(s) to be Solved by the Invention] By the way, if a palladium system catalyst is an air- 
fuel ratio by the side of rich and is exposed to a hot exhaust air ambient atmosphere rather than 
theoretical air fuel ratio, it will be returned to metal palladium and it will cause degradation 
temporarily [ so-called ] the catalyst engine performance falls temporarily. Degradation appears 
temporarily [ this ] notably [ the catalyst to which permanent degradation which breaks out by 
reduction of the specific surface area by heat deformation of a wash coat, reduction of degree of 
dispersion of noble metals, etc. progressed ]. 

[0006] If momentary degradation of a catalyst breaks out, the cleaning effect of exhaust air will 
fall and exhaust air emission will increase in the meantime. 

[0007] Then, when degradation is caused in this way temporarily, this invention performs 
degradation recovery of a catalyst and aims at recovering the catalyst engine performance 
[0008] 

[Means for Solving the Problem] The catalyst for exhaust air clarification with which the 1st 
invention is installed in the engine exhaust air system which made palladium mainly support as a 
catalyst metal as shown in drawing 14 (1), A degradation degree detection means 51 to detect 
the degradation degree of this catalyst (1), and an exhaust-gas-temperature detection means to 
detect the exhaust-gas temperature which flows into a catalyst (1) (13), A degradation recovery 
stage judging means 52 to judge the stage to perform degradation recovery of a catalyst (1) 
according to the detected catalyst de-activation degree, When the exhaust-gas temperature 
with which there is this judgment result at a degradation recovery stage, and it was detected at 
it is beyond a predetermined value, it has a degradation recovery means 53 to control the air- 
fuel ratio of exhaust air rather than theoretical air fuel ratio to the degradation recovery air-fuel 
ratio by the side of Lean, and to perform degradation recovery of a catalyst (1). 
[0009] The catalyst for exhaust air clarification with which the 2nd invention is installed in the 
engine exhaust air system which made palladium mainly support as a catalyst metal as shown in 
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drawing 1 5 (1), A degradation degree detection means 51 to detect the degradation degree of 
this catalyst (1), and an exhaust-gas-temperature detection means to detect the exhaust-gas 
temperature which flows into a catalyst (1) (13), A degradation recovery stage judging means 52 
to judge the stage to perform degradation recovery of a catalyst (1) according to the detected 
catalyst de-activation degree, A degradation recovery time setting means 54 to set up the time 
amount which performs degradation recovery of a catalyst according to the detected catalyst 
de-activation degree, A degradation recovery means 53 to control the air-fuel ratio of exhaust 
air rather than theoretical air fuel ratio to the degradation recovery air-fuel ratio by the side of 
Lean, and to perform degradation recovery of a catalyst when the exhaust-gas temperature with 
which there is said judgment result at a degradation recovery stage, and it was detected at it is 
beyond a predetermined value, When the degradation recovery time amount to which the addition 
time amount after shifting to this degradation recovery was set is reached, it has a degradation 
recovery termination means 55 to terminate degradation recovery. 

[0010] The 3rd invention is set to the 1st or 2nd invention. Said degradation recovery stage 
judging means An exposure possible time amount presumption means to presume time amount 
when a catalyst is exposed to the exhaust air beyond predetermined temperature, until a 
degradation degree advances across tolerance based on the detection value of the catalyst de- 
activation degree immediately after engine start up. This detected exhaust-gas temperature 
consists of comparison test means to compare an exposure time addition means to integrate the 
time amount which is beyond a predetermined value with the exposure possible time amount 
presumed to be the integrated exposure time, and to judge a degradation recovery stage. 
[001 1] A storage means by which the 4th invention memorizes the degradation degree which the 
degradation degree detection means detected [ said degradation recovery stage judging means ] 
just behind engine start up as an initial degradation degree in the 1st or 2nd invention. It consists 
of comparison test means to compare a degradation percentage-of-completion calculation 
means to compute the difference of the degradation degree and initial degradation degree which 
were detected for every predetermined time with this degradation percentage of completion and 
the reference value set up according to an initial degradation degree, and to judge a degradation 
recovery stage. 

[0012] In the 1st - the 4th invention, said degradation recovery means amends the feedback 
control multiplier when carrying out feedback control of an engine's air-fuel ratio to theoretical 
air fuel ratio, and the 5th invention shifts an air-fuel ratio to the Lean side. 

[0013] In the 1st - the 4th invention, said degradation recovery means introduces secondary air 
into the upstream of the catalyst installed in the flueway, and the 6th invention shifts the air-fuel 
ratio of catalyst inflow exhaust air to the Lean side. 
[0014] 

[Function] In the 1 st invention, when temporary degradation of a catalyst is judged and an 
exhaust-gas temperature is beyond a predetermined value, an air-fuel ratio is controlled rather 
than theoretical air fuel ratio at the Lean side, and catalyst recovery is performed. By being 
exposed to hot lean atmosphere, momentary degradation of a catalyst is removed and the 
catalyst engine performance recovers a palladium system catalyst. 

[0015] Therefore, when degradation of a catalyst is judged, by carrying out recovery of a catalyst 
in this way, it becomes possible to bring about the engine performance stabilized in the long run 
for the catalyst, and a good exhaust air clarification function can be maintained. 
[0016] In the 2nd invention, when it decides on time amount required for degradation recovery 
according to the degradation degree of a catalyst and only this setup time performs recovery, 
effect which exerts an air-fuel ratio on the operability accompanying degradation recovery and 
the exhaust air engine performance which are Lean-ized is lessened as much as possible, and 
recovery of a catalyst can be carried out efficiently. 

[0017] In the 3rd invention, the degradation recovery stage is judged in relation to the permanent 
degradation degree of the catalyst detected immediately after engine start up. Degradation is 
recovered also by leaving it in ordinary temperature temporarily which is recovered by elevated- 
temperature lean atmosphere, and a catalyst will be recovered if an engine is stopped. Therefore, 
the initial degradation degree detected immediately after an engine's start up expresses 
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degradation which cannot recover a catalyst, i.e., permanent degradation. Depending on extent of 
permanent degradation, as for the speed of progress of degradation, progress speeds up 
temporarily, so that a permanent degradation degree becomes large. Therefore, a degradation 
recovery stage can be judged to accuracy by presuming time amount until degradation of a 
catalyst arrives at tolerance according to extent of this permanent degradation. 
[0018] In the 4th invention, the degradation recovery stage is judged according to the 
comparison with an initial degradation degree and the degradation degree for every 
predetermined time. A stage until degradation of the whole which doubled degradation and 
permanent degradation temporarily arrives at tolerance can be judged to accuracy by expressing 
the magnitude of degradation temporarily which advanced during that operation, therefore 
measuring this degradation percentage of completion with the reference value according to an 
initial degradation degree, the difference, i.e., the degradation percentage of completion, of an 
initial degradation degree and the degradation degree for every predetermined time. 
[0019] In the 5th invention, since the control factor (for example, a proportion value, an integral 
value) of feed back control of air-fuel ratio is amended and an air-fuel ratio is Lean-ized, the 
addition of the new hard configuration for it becomes unnecessary. 

[0020] In the 6th invention, since an air-fuel ratio is Lean-ized by installation of secondary air, it 
is operated with the air-fuel ratio of the usual control range, and an engine can secure 
operability good also in degradation recovery for theoretical air fuel ratio etc 
[0021] 

[Example] Drawing 1 shows the example of this invention and a fuel injection valve 5 injects a 
fuel according to a mounting eclipse and the signal from a controller 4 in the inhalation-of-air 
path 8 of an engine 7. The three way component catalyst 1 which performs simultaneously HC 
under exhaust air, oxidation of CO, and reduction of NO is installed in a flueway 9. This three 
way component catalyst 1 is constituted from a palladium system catalyst which made palladium 
(Pd) mainly support Seria etc. as a catalyst metal in addition to this by the alumina. 
[0022] The 1st and 2nd oxygen sensor 2 and 3 is installed in the upstream and the lower stream 
of a river of a three way component catalyst 1 , respectively, and the controller 4 is carrying out 
feedback control of said fuel injection volume so that an air-fuel ratio may turn into theoretical 
air fuel ratio based on the output of the 1st oxygen sensor 2. Moreover, the degradation degree 
of a catalyst is detected and degradation recovery of a catalyst is performed at a predetermined 
operation stage corresponding to this degradation so that the output of the 1st oxygen sensor 2 
and the 2nd oxygen sensor 3 may measure and mention later the count reversed to Rich Lean, 
respectively. In addition, for this reason, the signal from the coolant temperature sensor 1 2 
which detects engine-cooling-water **, and the temperature sensor 13 which detects the 
exhaust-gas temperature of the entrance side of a three way component catalyst 1 inputs into a 
controller 4. Moreover, although not illustrated, the signal representing operational status, such 
as an engine inhalation air content and a rotational frequency, is also inputted. 
[0023] In addition, the exhaust air reflux path 1 4 which flows back the exhaust air from [ a part 
of ] a flueway 9 is connected to the inhalation-of-air path 8. the exhaust air reflux control valve 
15 controls the amount of reflux of exhaust air according to a service condition through a 
controller 4, and NO under exhaust air is decreased. 

[0024] As shown also in drawing 2 , the palladium system catalyst has the property that the 
catalyst engine performance deteriorates temporarily, by exposing in theoretical air fuel ratio or 
an elevated-temperature exhaust air ambient atmosphere more rich than it. Moreover, it 
generates like the catalyst also with common permanent degradation accompanying physical 
degradation of a catalyst apart from this. Temperature is 500 degrees C and what was illustrated 
expresses the condition (momentary degradation) of change of a catalyst invert ratio when an 
air-fuel ratio exposes a rear-spring-supporter palladium system catalyst to long duration at 
elevated-temperature exhaust air of theoretical air fuel ratio (lambda= 1). In this case, although 
the catalyst invert ratio falls with the passage of time, the catalyst A with little permanent 
degradation has little change, on the other hand, in Catalysts B and C and the thing to which 
permanent degradation progressed, decline in an invert ratio appears notably. About momentary 
degradation of a catalyst, it can recover in the elevated-temperature exhaust air ambient 
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atmosphere of the Lean air-fueTratio, and the catalyst engine performance is recovered to the 
condition of the beginning of permanent degradation, respectively. Therefore, if the condition of 
momentary degradation of a catalyst is judged, it will be the service condition from which an 
exhaust-gas temperature serves as an elevated temperature, and the catalyst which 
deteriorated will be recovered by controlling an air-fuel ratio to Lean temporarily. 
[0025] In order to perform degradation recovery of such a catalyst, a controller 4 performs 
control shown in drawing 3 - drawing 9 . 

[0026] First, drawing 3 is a control routine forjudging degradation of a catalyst, and is performed 
only once after an engine's start up. 

[0027] If the engine cooling water temperature Tw is read at step SI, it will judge whether the 
cooling water temperature Tw judges whether it is more than predetermined value T1 of for 
example, an after [ warming-up termination ], and, subsequently to the feedback control field of 
an air-fuel ratio, there is at step S3 at step S2. [ any ] 
[0028] In addition, when all differ, it returns first. 

[0029] In step S4 and 5, the reversal frequencies F1 and F2 of Rich Lean of the output of the 
1st oxygen sensor 2 of the catalyst upstream and the 2nd down-stream oxygen sensor 3 are 
read, respectively. The ratio of a reversal frequency and F2/F1 approach 1 , so that the 
degradation degree of a catalyst progresses, as shown in drawing 4 . Since storage of the oxygen 
under exhaust air is carried out while the catalyst is functioning normally, the oxygen contained 
during upstream exhaust air is undetectable as it is on the lower stream of a river of a catalyst. 
However, if a catalyst deteriorates, in order [ to which the oxygen under upstream exhaust air 
flows down-stream as it is ] to come out, the reversal frequency of a down-stream oxygen 
sensor output will approach the reversal frequency of an upstream oxygen sensor output. 
[0030] In step S6, this reversal frequency ratio Fr is computed as F2/F1 , and this frequency 
ratio Fr is compared with the predetermined value Fra at step S7. Here, the degradation degree 
of a catalyst is judged, and when the detected frequency ratio is larger than a predetermined 
value, it is judged as that in which the catalyst has deteriorated, and shifts to the degradation 
detection routine of step S8. 

[0031] Although the above control is performed only once immediately after start up (however, 
after catalytic activity) whenever an engine starts Since momentary degradation of a catalyst is 
automatically recovered in the condition of having left it in ordinary temperature, it can be 
considered that the degradation degree (it is called an initial degradation degree below by 
frequency-ratio Fr:) which degradation recovered while having suspended the engine, therefore 
was detected to the above-mentioned timing is a thing only reflecting permanent degradation of 
a catalyst. 

[0032] Next, the recovery decision value Tr which is equivalent to the recovery time amount 
decided according to the degradation degree Rm of the catalyst set as several steps, and the 
exposure possible time amount Tc which it is in the tolerance of the catalyst engine 
performance, and can be exposed to exhaust air as it is and a degradation degree from the table 
shown in drawing 8 based on the reversal frequency ratio Fr at step S1 1 reads, and it progresses 
to exposure-time calculation and the recovery routine of step S12 in the degradation detection 
routine of drawing 5 . 

[0033] Since the initial degradation degree Rm which the degradation degree Rm of a catalyst 
corresponded to the reversal frequency ratio Fr, and was detected immediately after start up 
supports the permanent degradation degree, in this case, the exposure possible time amount Tc 
When higher than the value which has an exhaust-gas temperature based on the condition of 
this permanent degradation, the aggregate value of whenever [ catalyst de-activation / which is 
predicted to go on when operation is continued as it was ] is set up as time amount until it 
reaches the tolerance limit of the catalyst engine performance. And the recovery decision value 
Tr is set up according to this exposure possible time amount Tc. 

[0034] In addition, this routine is repeatedly performed as it is also at a predetermined period, 
until an engine stops (step S 13). 

[0035] It is the above mentioned detail of exposure time calculation and a recovery routine, 
drawing 6 is set to integrated value Tin=0 later mentioned at step S21, and at step S22, as timer 
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Ti-O, it reads a weighting factorKc from the table of drawing 9 based on the catalyst inlet-port 
exhaust-gas temperature T at that time while it starts counting of a timer. This weighting factor 
expresses whenever [ catalyst's which advances to per unit time amount degradation ] (this 
corresponds also to also whenever [ recovery ]), and strictly, although it serves as a 2- 
dimensional map which makes a parameter an exhaust-gas temperature and an air-fuel ratio, 
since the effect of an exhaust-gas temperature is more large, the table set up only based on 
temperature is sufficient as it. 

[0036] The time amount which is in this temperature requirement about an exhaust-gas 
temperature T at step S23 as compared with the laying temperature range when choosing a 
weighting factor Kc is integrated at step S24. However, this integrated value Tin increases the 
integrated value by computing as Tin=Tin+KcxTi and adding a part for multiplication with the time 
amount Ti when being in the weighting factor Kc and temperature requirement for which it asked 
based on the exhaust-gas temperature T. 

[0037] And if the addition actuation from the above-mentioned step S22 to S25 is repeated, and 
addition is continued according to the exhaust-gas temperature at that time and an addition 
result becomes Tin>Tc until it reaches this Tc in this integrated value Tin at step S25 as 
compared with the exposure possible time amount Tc, it will shift to the catalyst de-activation 
recovery of drawing 7 . 

[0038] Degradation of a catalyst advances according to the time amount exposed to the hot 
exhaust-gas temperature, is carried out in this way, is relation with the exposure possible time 
amount Tc, and judges progress of degradation. 

[0039] In drawing 7 , in step S26, it resets to integrated value Tin=0 first, the catalyst inlet 
temperature T judges whether it is an elevated-temperature condition beyond the predetermined 
value in which degradation recovery is possible at step S27, and a service condition judges 
further whether it is the rich air-fuel ratio field (KMR) of a heavy load at step S28. 
[0040] In this rich air-fuel ratio field, even if it is going to carry out a RIN shift for catalyst de- 
activation recovery, priority is given to KMR from the point of operability, and since a RIN shift 
cannot be carried out, progress of the recovery till then is disregarded and it redoes from the 
beginning. 

[0041] It is step S29, and when there is nothing to KMR, as timer Ti=0, counting of a timer is 
started, and based on the catalyst inlet temperature T, a weighting factor Kr is read, the control 
factor (for example, a proportion value, an integral value) of feed back control of air-fuel ratio is 
changed at step S30, the control core of feedback control is shifted to the Lean side, and it 
shifts to degradation recovery from the table of drawing 9 . In addition, at this time, the quantity 
of the amount of exhaust air reflux is increased simultaneously, and NO which stopped being able 
to carry out clarification processing with a three way component catalyst is reduced by air-fuel 
ratio Lean-ization. 

[0042] As mentioned above, except for permanent degradation, as for the palladium system 
catalyst which deteriorated, recovery of a degraded minute is achieved temporarily because the 
exhaust-gas temperature which flows into a catalyst Lean-izes an air-fuel ratio in a hot 
condition. 

[0043] The time amount in the condition more than constant temperature is integrated at steps 
S31 and S32. This integrated value Tim is computed as Tim=Tim+KrxTi. If an exhaust-gas 
temperature changes from a predetermined temperature requirement at step S31, a timer will be 
suspended at step S32 and the addition of return and the degradation processing time will be 
again continued to step S27 via step S33. 

[0044] In addition, since recovery of degradation is greatly influenced by the temperature of 
exhaust air of lean atmosphere also in this case, the weighting factor Kr can be set up from the 
table of drawing 9 set up only depending on the exhaust-gas temperature. 

[0045] At step S33, it judges whether recovery was completed or not by comparing an integrated 
value Tim with the above mentioned recovery decision value Tr. Thus, if it goes through the 
recovery time amount corresponding to the degradation degree of the detected catalyst, 
momentary degradation of a catalyst will be judged to be what was recovered to the initial state 
(however, a permanent degraded minute removes), will progress to step S34, will return the 
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control factor and the rate of exhaust air reflux (EGR rate) of feedback control of an air-fuel 
ratio to the value of the usual operational status, and will end degradation recovery. 
[0046] Although an air-fuel ratio is Lean-ized, instead of amending a feedback control multiplier, 
the equipment which introduces secondary air may be formed in the upstream of a three way 
component catalyst 1 , and the lower stream of a river of an oxygen sensor 2, secondary air may 
be introduced into the upstream of a catalyst in step S30, and catalyst inflow exhaust air may be 
Lean-ized. In this case, since an engine air-fuel ratio turns into the usual theoretical air fuel 
ratio, good operability is securable even if it performs degradation recovery of a catalyst 
[0047] Next, other examples shown in drawing 10 and drawing 1 1 are explained. 
[0048] Since the percentage of completion of degradation of said catalyst related to the 
permanent degradation degree, i.e., the initial degradation degree detected immediately after 
engine start up, this example judged the stage until degradation of the whole which doubled 
degradation and permanent degradation temporarily reaches a tolerance limit based on the 
reference value according to this degradation degree. 

[0049] The routine of drawing 10 is what is performed only once whenever it puts an engine into 
operation. First, step S41 to the step S46 While it is the same as that of step S1 of the basic 
routine of drawing 3 - step S6 and memorizing [ whenever / degradation / for which it asked 
from the table of drawing 8 by the reversal frequency ratio Fr in step S47 ] Rm as Rmo 
whenever [ initial degradation ] Based on this Rmo, a reference value Rmc is read from the table 
of drawing 12 . In this reference value Rmc, Rmc becomes small, so that Rmo+Rmc is decided to 
become the degradation limit of the catalyst engine performance and Rmo becomes large 
whenever [ initial degradation ]. 

[0050] That is, this degradation degree is memorized as initial degradation here from the 
degradation judging of a catalyst performed once after engine start up. 

[0051] And it shifts to the routine of drawing 10 . This routine is what is repeatedly performed 
for every predetermined time after engine operation, and judges the percentage of completion of 
degradation of a catalyst. The step S51 here - step S54 When computing the reversal frequency 
ratio Fr of an oxygen sensor output in case it is the same, same content even as the above- 
mentioned step S2 - step S6 and an exhaust-gas temperature is beyond a predetermined value 
here, at step S55 based on this Fr, reading appearance of the degradation degree Rm is carried 
out from the table of drawing 8 , and percentage-of-completion deltaRm of degradation is 
computed the difference of this and said initial degradation degree Rmo, i.e.. temporarily, as 
deltaRm=Rm-Rmo. Since the initial degradation degree detected immediately after an engine's 
start up corresponds to a permanent degradation degree, this deltaRm expresses momentary 
degradation of a recoverable catalyst. 

[0052] Step S56 compares degradation percentage-of-completion deltaRm with a reference 
value Rmc temporarily [ this ]. A reference value Rmc turns into a small value, and the tolerance 
of degradation also becomes small so much in this case temporarily, so that the initial 
degradation degree, i.e., a permanent degradation degree, is progressing. When degradation 
degree deltaRm is not below the reference value Rmc. since it shifts to the recovery routine of a 
catalyst, it progresses to step S57, and the recovery decision value Tr is read, and recovery 
actuation of step S58 is performed temporarily. 

[0053] In addition, this recovery routine serves as the same activity as step S34 from the above 
mentioned step S26 of drawing 7 , and performs a period until it reaches the recovery decision 
value Tr, and degradation recovery of a catalyst by Lean-ization of the air-fuel ratio in an 
elevated-temperature exhaust air ambient atmosphere. 

[0054] Thus, since a stage until degradation of the whole which doubled degradation and 
permanent degradation temporarily reaches a tolerance limit based on the reference value 
according to the initial degradation degree detected immediately after engine start up is judged, 
control for carrying out recovery of the catalyst can be performed efficiently, judging the 
condition of degradation to accuracy. 
[0055] 

[Effect of the Invention] The catalyst for exhaust air clarification installed in the engine exhaust 
air system which the 1 st invention made mainly support palladium as a catalyst metal as 
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mentioned above, A degradation degree detection means to detect the degradation degree of 
this catalyst and an exhaust-gas-temperature detection means to detect the exhaust-gas 
temperature which flows into a catalyst A degradation recovery stage judging means to judge 
the stage to perform degradation recovery of a catalyst according to the detected catalyst de- 
activation degree, Since it had a degradation recovery means to have controlled the air-fuel ratio 
of exhaust air rather than theoretical air fuel ratio to the degradation recovery air-fuel ratio by 
the side of Lean, and to perform degradation recovery of a catalyst when the exhaust-gas 
temperature with which there is this judgment result at a degradation recovery stage, and it was 
detected at it was beyond a predetermined value, if temporary degradation of a catalyst is judged 
Since Lean control of the exhaust air air-fuel ratio is carried out and recovery of a catalyst is 
performed when an exhaust-gas temperature is beyond a predetermined value, the always good 
catalyst engine performance can be maintained and exhaust air emission can be improved. 
[0056] The catalyst for exhaust air clarification installed in the engine exhaust air system which 
the 2nd invention made mainly support palladium as a catalyst metal, A degradation degree 
detection means to detect the degradation degree of this catalyst, and an exhaust-gas- 
temperature detection means to detect the exhaust-gas temperature which flows into a 
catalyst A degradation recovery stage judging means to judge the stage to perform degradation 
recovery of a catalyst according to the detected catalyst de-activation degree, A degradation 
recovery time setting means to set up the time amount which performs degradation recovery of 
a catalyst according to the detected catalyst de-activation degree. A degradation recovery 
means to control the air-fuel ratio of exhaust air rather than theoretical air fuel ratio to the 
degradation recovery air-fuel ratio by the side of Lean, and to perform degradation recovery of a 
catalyst when the exhaust-gas temperature with which there is said judgment result at a 
degradation recovery stage, and it was detected at it is beyond a predetermined value, Since it 
had a degradation recovery termination means to terminate degradation recovery when the 
degradation recovery time amount to which the addition time amount after shifting to this 
degradation recovery was set was reached, Since it decides on time amount required for 
degradation recovery according to the degradation degree of a catalyst and only this setup time 
performs recovery, effect which exerts an air-fuel ratio on the operability accompanying 
degradation recovery and the exhaust air engine performance which are Lean-ized is lessened as 
much as possible, and recovery of a catalyst can be carried out efficiently. 
[0057] The 3rd invention is set to the 1st or 2nd invention. Said degradation recovery stage 
judging means An exposure possible time amount presumption means to presume time amount 
when a catalyst is exposed to the exhaust air beyond predetermined temperature, until a 
degradation degree advances across tolerance based on the detection value of the catalyst de- 
activation degree immediately after engine start up, Since the detected exhaust-gas 
temperature consists of comparison test means to compare an exposure time addition means to 
integrate the time amount which is beyond a predetermined value with the exposure possible 
time amount presumed to be the integrated exposure time, and to judge a degradation recovery 
stage A degradation recovery stage can be judged to accuracy by presuming time amount until 
degradation arrives at tolerance temporarily according to extent of permanent degradation of a 
catalyst. 

[0058] A storage means by which the 4th invention memorizes the degradation degree which the 
degradation degree detection means detected [ said degradation recovery stage judging means ] 
just behind engine start up as an initial degradation degree in the 1st or 2nd invention, A 
degradation percentage-of^completion calculation means to compute the difference of the 
degradation degree and initial degradation degree which were detected for every predetermined 
time, Since it consists of comparison test means to compare this degradation percentage of 
completion with the reference value set up according to an initial degradation degree, and to 
judge a degradation recovery stage By measuring the degradation percentage of completion of a 
catalyst with an initial degradation degree, a stage until degradation of the whole which doubled 
degradation and permanent degradation temporarily arrives at tolerance can be judged to 
accuracy. 

[0059] Since said degradation recovery means amends a feedback control multiplier in case the 
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5th invention carries out feedback control of an engine's air-fuel ratio to theoretical air fuel ratio 
in the 1st - the 4th invention and shifts an air-fuel ratio to the Lean side, although it Lean-izes 
an air-fuel ratio for degradation processing, the addition of a new hard configuration is 
unnecessary, and a configuration is simplified. 

[0060] In the 1st - the 4th invention, since said degradation recovery means introduces 
secondary air into the upstream of the catalyst installed in the flueway, and shifts the air-fuel 
ratio of catalyst inflow exhaust air to the Lean side and an engine's air-fuel ratio has it in the 
usual control range even if it Lean-izes an air-fuel ratio for degradation recovery, the 6th 
invention can secure good operability also in degradation recovery. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to an internal combustion engine's exhaust 
emission control device. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] While carrying out feedback control of the air-fuel ratio so that it 
may become theoretical air fuel ratio in order to defecate the exhaust gas discharged by the 
internal combustion engine, the system which installed in the flueway the three way component 
catalyst which performs oxidation of HC and CO and reduction of NO simultaneously is put in 
practical use widely. 

[0003] What used as the principal component the palladium excellent in low-temperature activity 
which functions good [ from ] among short time after engine start up as a catalyst metal used 
for this three way component catalyst is developed (refer to JP,58-189037,A). 
[0004] Oxide of palladium (Pd) is stable in ordinary temperature, and it demonstrates a catalysis 
as oxidization palladium (PdO). 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The catalyst for exhaust air clarification installed in the engine exhaust 
air system which made palladium mainly support with the 1st invention as a catalyst metal as 
mentioned above, A degradation degree detection means to detect the degradation degree of 
this catalyst and an exhaust-gas-temperature detection means to detect the exhaust-gas 
temperature which flows into a catalyst, A degradation recovery stage judging means to judge 
the stage to perform degradation recovery of a catalyst according to the detected catalyst de- 
activation degree, Since it had a degradation recovery means to have controlled the air-fuel ratio 
of exhaust air rather than theoretical air fuel ratio to the degradation recovery air-fuel ratio by 
the side of Lean, and to perform degradation recovery of a catalyst when the exhaust-gas 
temperature with which there is this judgment result at a degradation recovery stage, and it was 
detected at it was beyond a predetermined value, if temporary degradation of a catalyst is judged 
When an exhaust-gas temperature is beyond a predetermined value. Lean control of the exhaust 
air air-fuel ratio is carried out, and recovery of a catalyst is performed. Therefore, the always 
good catalyst engine performance can be maintained and exhaust air emission can be improved. 
[0056] The catalyst for exhaust air clarification installed in the engine exhaust air system which 
made palladium mainly support with the 2nd invention as a catalyst metal, A degradation degree 
detection means to detect the degradation degree of this catalyst, and an exhaust-gas- 
temperature detection means to detect the exhaust-gas temperature which flows into a 
catalyst, A degradation recovery stage judging means to judge the stage to perform degradation 
recovery of a catalyst according to the detected catalyst de-activation degree, A degradation 
recovery time setting means to set up the time amount which performs degradation recovery of 
a catalyst according to the detected catalyst de-activation degree, A degradation recovery 
means to control the air-fuel ratio of exhaust air rather than theoretical air fuel ratio to the 
degradation recovery air-fuel ratio by the side of Lean, and to perform degradation recovery of a 
catalyst when the exhaust-gas temperature with which there is said judgment result at a 
degradation recovery stage, and it was detected at it is beyond a predetermined value, Since it 
had a degradation recovery termination means to terminate degradation recovery when the 
degradation recovery time amount to which the addition time amount after shifting to this 
degradation recovery was set was reached, according to the degradation degree of a catalyst, it 
decides on time amount required for degradation recovery, and only this setup time performs 
recovery. Therefore, effect which exerts an air-fuel ratio on the operability accompanying 
degradation recovery and the exhaust air engine performance which are Lean-ized is lessened as 
much as possible, and recovery of a catalyst can be carried out efficiently. 
[0057] In the 3rd invention, it sets to the 1st or 2nd invention. Said degradation recovery stage 
judging means An exposure possible time amount presumption means to presume time amount 
when a catalyst is exposed to the exhaust air beyond predetermined temperature, until a 
degradation degree advances across tolerance based on the detection value of the catalyst de- 
activation degree immediately after engine start up, The detected exhaust-gas temperature 
consists of comparison test means to compare an exposure time addition means to integrate the 
time amount which is beyond a predetermined value with the exposure possible time amount 
presumed to be the integrated exposure time, and to judge a degradation recovery stage. 
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Therefore, a degradation recovery stage can be judged to accuracy by presuming time amount 
until degradation arrives at tolerance temporarily according to extent of permanent degradation 
of a catalyst. 

[0058] A storage means by which said degradation recovery stage judging means memorizes the 
degradation degree which the degradation degree detection means detected immediately after 
engine start up as an initial degradation degree in the 1st or 2nd invention in the 4th invention, It 
consists of comparison test means to compare a degradation percentage-of^completion 
calculation means to compute the difference of the degradation degree and initial degradation 
degree which were detected for every predetermined time with this degradation percentage of 
completion and the reference value set up according to an initial degradation degree, and to 
judge a degradation recovery stage. Therefore, a stage until degradation of the whole which 
doubled degradation and permanent degradation temporarily arrives at tolerance can be judged 
to accuracy by measuring the degradation percentage of completion of a catalyst with an initial 
degradation degree. 

[0059] Since said degradation recovery means amends a feedback control multiplier in case the 
5th invention carries out feedback control of an engine's air-fuel ratio to theoretical air fuel ratio 
in the 1st - the 4th invention and shifts an air-fuel ratio to the Lean side, although it Lean-izes 
an air-fuel ratio for degradation processing, the addition of a new hard configuration is 
unnecessary, and a configuration is simplified. 

[0060] In the 1st - the 4th invention, since said degradation recovery means introduces 
secondary air into the upstream of the catalyst installed in the flueway, and shifts the air-fuel 
ratio of catalyst inflow exhaust air to the Lean side and an engine's air-fuel ratio has it in the 
usual control range even if it Lean-izes an air-fuel ratio for degradation recovery, the 6th 
invention can secure good operability also in degradation recovery. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, if a palladium system catalyst is an air- 
fuel ratio by the side of rich and is exposed to a hot exhaust air ambient atmosphere rather than 
theoretical air fuel ratio, it will be returned to metal palladium and it will cause degradation 
temporarily [ so-called ] the catalyst engine performance falls temporarily. Degradation appears 
temporarily [ this ] notably [ the catalyst to which permanent degradation which breaks out by 
reduction of the specific surface area by heat deformation of a wash coat, reduction of degree of 
dispersion of noble metals, etc. progressed ]. 

[0006] If momentary degradation of a catalyst breaks out, the cleaning effect of exhaust air will 
fall and exhaust air emission will increase in the meantime. 

[0007] Then, when degradation is caused in this way temporarily, this invention performs 
degradation recovery of a catalyst and aims at recovering the catalyst engine performance. 
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MEANS 



[Means for Solving the Problem] The catalyst for exhaust air clarification with which the 1 st 
invention is installed in the engine exhaust air system which made palladium mainly support as a 
catalyst metal as shown in drawing 14 (1), A degradation degree detection means 51 to detect 
the degradation degree of this catalyst (1), and an exhaust-gas-temperature detection means to 
detect the exhaust-gas temperature which flows into a catalyst (1) (13), A degradation recovery 
stage judging means 52 to judge the stage to perform degradation recovery of a catalyst (1) 
according to the detected catalyst de-activation degree, When the exhaust-gas temperature 
with which there is this judgment result at a degradation recovery stage, and it was detected at 
it is beyond a predetermined value, it has a degradation recovery means 53 to control the air- 
fuel ratio of exhaust air rather than theoretical air fuel ratio to the degradation recovery air-fuel 
ratio by the side of Lean, and to perform degradation recovery of a catalyst (1). 
[0009] The catalyst for exhaust air clarification with which the 2nd invention is installed in the 
engine exhaust air system which made palladium mainly support as a catalyst metal as shown in 
drawing 15 (1), A degradation degree detection means 51 to detect the degradation degree of 
this catalyst (1), and an exhaust-gas-temperature detection means to detect the exhaust-gas 
temperature which flows into a catalyst (1) (13), A degradation recovery stage judging means 52 
to judge the stage to perform degradation recovery of a catalyst (1) according to the detected 
catalyst de-activation degree, A degradation recovery time setting means 54 to set up the time 
amount which performs degradation recovery of a catalyst according to the detected catalyst 
de-activation degree, A degradation recovery means 53 to control the air-fuel ratio of exhaust 
air rather than theoretical air fuel ratio to the degradation recovery air-fuel ratio by the side of 
Lean, and to perform degradation recovery of a catalyst when the exhaust-gas temperature with 
which there is said judgment result at a degradation recovery stage, and it was detected at it is 
beyond a predetermined value, When the degradation recovery time amount to which the addition 
time amount after shifting to this degradation recovery was set is reached, it has a degradation 
recovery termination means 55 to terminate degradation recovery. 

[0010] The 3rd invention is set to the 1st or 2nd invention. Said degradation recovery stage 
judging means An exposure possible time amount presumption means to presume time amount 
when a catalyst is exposed to the exhaust air beyond predetermined temperature, until a 
degradation degree advances across tolerance based on the detection value of the catalyst de- 
activation degree immediately after engine start up, This detected exhaust-gas temperature 
consists of comparison test means to compare an exposure time addition means to integrate the 
time amount which is beyond a predetermined value with the exposure possible time amount 
presumed to be the integrated exposure time, and to judge a degradation recovery stage 
[0011] A storage means by which the 4th invention memorizes the degradation degree which the 
degradation degree detection means detected [ said degradation recovery stage judging means ] 
just behind engine start up as an initial degradation degree in the 1 st or 2nd invention, It consists 
of comparison test means to compare a degradation percentage-of-completion calculation 
means to compute the difference of the degradation degree and initial degradation degree which 
were detected for every predetermined time with this degradation percentage of completion and 
the reference value set up according to an initial degradation degree, and to judge a degradation 
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recovery stage. 

[0012] In the 1st - the 4th invention, said degradation recovery means amends the feedback 
control multiplier when carrying out feedback control of an engine's air-fuel ratio to theoretical 
air fuel ratio, and the 5th invention shifts an air-fuel ratio to the Lean side. 

[0013] In the 1st - the 4th invention, said degradation recovery means introduces secondary air 
into the upstream of the catalyst installed in the flueway, and the 6th invention shifts the air-fuel 
ratio of catalyst inflow exhaust air to the Lean side. 
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EXAMPLE 



[Example] Drawing 1 shows the example of this invention and a fuel injection valve 5 injects a 
fuel according to a mounting eclipse and the signal from a controller 4 in the inhalation-of-air 
path 8 of an engine 7. The three way component catalyst 1 which performs simultaneously HC 
under exhaust air, oxidation of CO, and reduction of NO is installed in a flueway 9. This three 
way component catalyst 1 is constituted from a palladium system catalyst which made palladium 
(Pd) mainly support Seria etc. as a catalyst metal in addition to this by the alumina. 
[0022] The 1st and 2nd oxygen sensor 2 and 3 is installed in the upstream and the lower stream 
of a river of a three way component catalyst 1 , respectively, and the controller 4 is carrying out 
feedback control of said fuel injection volume so that an air-fuel ratio may turn into theoretical 
air fuel ratio based on the output of the 1st oxygen sensor 2. Moreover, the degradation degree 
of a catalyst is detected and degradation recovery of a catalyst is performed at a predetermined 
operation stage corresponding to this degradation so that the output of the 1 st oxygen sensor 2 
and the 2nd oxygen sensor 3 may measure and mention later the count reversed to Rich Lean, 
respectively. In addition, for this reason, the signal from the coolant temperature sensor 1 2 
which detects engine-cooling-water **, and the temperature sensor 13 which detects the 
exhaust-gas temperature of the entrance side of a three way component catalyst 1 inputs into a 
controller 4. Moreover, although not illustrated, the signal representing operational status, such 
as an engine inhalation air content and a rotational frequency, is also inputted. 
[0023] In addition, the exhaust air reflux path 14 which flows back the exhaust air from [ a part 
of ] a flueway 9 is connected to the inhalation-of^air path 8, the exhaust air reflux control valve 
1 5 controls the amount of reflux of exhaust air according to a service condition through a 
controller 4, and NO under exhaust air is decreased. 

[0024] As shown also in drawing 2 , the palladium system catalyst has the property that the 
catalyst engine performance deteriorates temporarily, by exposing in theoretical air fuel ratio or 
an elevated-temperature exhaust air ambient atmosphere more rich than it. Moreover, it 
generates like the catalyst also with common permanent degradation accompanying physical 
degradation of a catalyst apart from this. Temperature is 500 degrees C and what was illustrated 
expresses the condition (momentary degradation) of change of a catalyst invert ratio when an 
air-fuel ratio exposes a rear-spring-supporter palladium system catalyst to long duration at 
elevated-temperature exhaust air of theoretical air fuel ratio (lambda= 1). In this case, although 
the catalyst invert ratio falls with the passage of time, the catalyst A with little permanent 
degradation has little change, on the other hand, in Catalysts B and C and the thing to which 
permanent degradation progressed, decline in an invert ratio appears notably. About momentary 
degradation of a catalyst, it can recover in the elevated-temperature exhaust air ambient 
atmosphere of the Lean air-fuel ratio, and the catalyst engine performance is recovered to the 
condition of the beginning of permanent degradation, respectively. Therefore, if the condition of 
momentary degradation of a catalyst is judged, it will be the service condition from which an 
exhaust-gas temperature serves as an elevated temperature, and the catalyst which 
deteriorated will be recovered by controlling an air-fuel ratio to Lean temporarily. 
[0025] In order to perform degradation recovery of such a catalyst, a controller 4 performs 
control shown in drawing 3 - drawing 9 . 
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[0026] First, drawing 3 is a control routine forjudging degradation of a catalyst, and is performed 
only once after an engine's start up. 

[0027] If the engine cooling water temperature Tw is read at step S1, it will judge whether the 
cooling water temperature Tw judges whether it is more than predetermined value T1 of for 
example, an after [ warming-up termination ], and, subsequently to the feedback control field of 
an air-fuel ratio, there is at step S3 at step S2. [ any ] 
[0028] In addition, when all differ, it returns first. 

[0029] In step S4 and 5, the reversal frequencies F1 and F2 of Rich Lean of the output of the 
1st oxygen sensor 2 of the catalyst upstream and the 2nd down-stream oxygen sensor 3 are 
read, respectively. The ratio of a reversal frequency and F2/F1 approach 1 , so that the 
degradation degree of a catalyst progresses, as shown in drawing 4 . Since storage of the oxygen 
under exhaust air is carried out while the catalyst is functioning normally, the oxygen contained 
during upstream exhaust air is undetectable as it is on the lower stream of a river of a catalyst. 
However, if a catalyst deteriorates, in order [ to which the oxygen under upstream exhaust air 
flows down-stream as it is ] to come out, the reversal frequency of a down-stream oxygen 
sensor output will approach the reversal frequency of an upstream oxygen sensor output. 
[0030] In step S6, this reversal frequency ratio Fr is computed as F2/F1 , and this frequency 
ratio Fr is compared with the predetermined value Fra at step S7. Here, the degradation degree 
of a catalyst is judged, and when the detected frequency ratio is larger than a predetermined 
value, it is judged as that in which the catalyst has deteriorated, and shifts to the degradation 
detection routine of step S8. 

[0031] Although the above control is performed only once immediately after start up (however, 
after catalytic activity) whenever an engine starts Since momentary degradation of a catalyst is 
automatically recovered in the condition of having left it in ordinary temperature, it can be 
considered that the degradation degree (it is called an initial degradation degree below by 
frequency-ratio Fr:) which degradation recovered while having suspended the engine, therefore 
was detected to the above-mentioned timing is a thing only reflecting permanent degradation of 
a catalyst. 

[0032] Next, the recovery decision value Tr which is equivalent to the recovery time amount 
decided according to the degradation degree Rm of the catalyst set as several steps, and the 
exposure possible time amount Tc which it is in the tolerance of the catalyst engine 
performance, and can be exposed to exhaust air as it is and a degradation degree from the table 
shown in drawing 8 based on the reversal frequency ratio Fr at step S1 1 reads, and it progresses 
to exposure-time calculation and the recovery routine of step S12 in the degradation detection 
routine of drawing 5 . 

[0033] Since the initial degradation degree Rm which the degradation degree Rm of a catalyst 
corresponded to the reversal frequency ratio Fr, and was detected immediately after start up 
supports the permanent degradation degree, in this case, the exposure possible time amount Tc 
When higher than the value which has an exhaust-gas temperature based on the condition of 
this permanent degradation, the aggregate value of whenever [ catalyst de-activation / which is 
predicted to go on when operation is continued as it was ] is set up as time amount until it 
reaches the tolerance limit of the catalyst engine performance. And the recovery decision value 
Tr is set up according to this exposure possible time amount Tc. 

[0034] In addition, this routine is repeatedly performed as it is also at a predetermined period, 
until an engine stops (step S13). 

[0035] It is the above mentioned detail of exposure time calculation and a recovery routine, 
drawing 6 is set to integrated value Tin=0 later mentioned at step S21, and at step S22, as timer 
Ti=0, it reads a weighting factor Kc from the table of drawing 9 based on the catalyst inlet-port 
exhaust-gas temperature T at that time while it starts counting of a timer. This weighting factor 
expresses whenever [ catalyst's which advances to per unit time amount degradation ] (this 
corresponds also to also whenever [ recovery ]), and strictly, although it serves as a 2- 
dimensional map which makes a parameter an exhaust-gas temperature and an air-fuel ratio, 
since the effect of an exhaust-gas temperature is more large, the table set up only based on 
temperature is sufficient as it. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran^web.cgi_ejje 



2004/11/09 



3/4 ^<- V 

# - # 

[0036] The time amount which is in this temperature requirement about an exhaust-gas 
temperature T at step S23 as compared with the laying temperature range when choosing a 
weighting factor Kc is integrated at step S24. However, this integrated value Tin increases the 
integrated value by computing as Tin=Tin+KcxTi and adding a part for multiplication with the time 
amount Ti when being in the weighting factor Kc and temperature requirement for which it asked 
based on the exhaust-gas temperature T. 

[0037] And if the addition actuation from the above-mentioned step S22 to S25 is repeated, and 
addition is continued according to the exhaust-gas temperature at that time and an addition 
result becomes Tin>Tc until it reaches this Tc in this integrated value Tin at step S25 as 
compared with the exposure possible time amount Tc, it will shift to the catalyst de-activation 
recovery of drawing 7 . 

[0038] Degradation of a catalyst advances according to the time amount exposed to the hot 
exhaust-gas temperature, is carried out in this way, is relation with the exposure possible time 
amount Tc, and judges progress of degradation. 

[0039] In drawing 7 , in step S26, it resets to integrated value Tin=0 first, the catalyst inlet 
temperature T judges whether it is an elevated-temperature condition beyond the predetermined 
value in which degradation recovery is possible at step S27, and a service condition judges 
further whether it is the rich air-fuel ratio field (KMR) of a heavy load at step S28. 
[0040] In this rich air-fuel ratio field, even if it is going to carry out a RIN shift for catalyst de- 
activation recovery, priority is given to KMR from the point of operability, and since a RIN shift 
cannot be carried out, progress of the recovery till then is disregarded and it redoes from the 
beginning. 

[0041] It is step S29, and when there is nothing to KMR, as timer Ti=0, counting of a timer is 
started, and based on the catalyst inlet temperature T, a weighting factor Kr is read, the control 
factor (for example, a proportion value, an integral value) of feed back control of air-fuel ratio is 
changed at step S30, the control core of feedback control is shifted to the Lean side, and it 
shifts to degradation recovery from the table of drawing 9 . In addition, at this time, the quantity 
of the amount of exhaust air reflux is increased simultaneously, and NO which stopped being able 
to carry out clarification processing with a three way component catalyst is reduced by air-fuel 
ratio Lean-ization. 

[0042] As mentioned above, except for permanent degradation, as for the palladium system 
catalyst which deteriorated, recovery of a degraded minute is achieved temporarily because the 
exhaust-gas temperature which flows into a catalyst Lean-izes an air-fuel ratio in a hot 
condition. 

[0043] The time amount in the condition more than constant temperature is integrated at steps 
S31 and S32. This integrated value Tim is computed as Tim=Tim+KrxTi. If an exhaust-gas 
temperature changes from a predetermined temperature requirement at step S31, a timer will be 
suspended at step S32 and the addition of return and the degradation processing time will be 
again continued to step S27 via step S33. 

[0044] In addition, since recovery of degradation is greatly influenced by the temperature of 
exhaust air of lean atmosphere also in this case, the weighting factor Kr can be set up from the 
table of drawing 9 set up only depending on the exhaust-gas temperature. 

[0045] At step S33, it judges whether recovery was completed or not by comparing an integrated 
value Tim with the above mentioned recovery decision value Tr. Thus, if it goes through the 
recovery time amount corresponding to the degradation degree of the detected catalyst, 
momentary degradation of a catalyst will be judged to be what was recovered to the initial state 
(however, a permanent degraded minute removes), will progress to step S34, will return the 
control factor and the rate of exhaust air reflux (EGR rate) of feedback control of an air-fuel 
ratio to the value of the usual operational status, and will end degradation recovery. 
[0046] Although an air-fuel ratio is Lean-ized, instead of amending a feedback control multiplier, 
the equipment which introduces secondary air may be formed in the upstream of a three way 
component catalyst 1 , and the lower stream of a river of an oxygen sensor 2, secondary air may 
be introduced into the upstream of a catalyst in step S30, and catalyst inflow exhaust air may be 
Lean-ized. In this case, since an engine air-fuel ratio turns into the usual theoretical air fuel 
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ratio, good operability is securable even if it performs degradation recovery of a catalyst. 
[0047] Next, other examples shown in drawing 10 and drawing 1 1 are explained. 
[0048] Since the percentage of completion of degradation of said catalyst related to the 
permanent degradation degree, i.e., the initial degradation degree detected immediately after 
engine start up, this example judged the stage until degradation of the whole which doubled 
degradation and permanent degradation temporarily reaches a tolerance limit based on the 
reference value according to this degradation degree. 

[0049] The routine of drawing 10 is what is performed only once whenever it puts an engine into 
operation. First, step S41 to the step S46 While it is the same as that of step S1 of the basic 
routine of drawing 3 - step S6 and memorizing [ whenever / degradation / for which it asked 
from the table of drawing 8 by the reversal frequency ratio Fr in step S47 ] Rm as Rmo 
whenever [ initial degradation ] Based on this Rmo, a reference value Rmc is read from the table 
of drawing 1 2 . In this reference value Rmc, Rmc becomes small, so that Rmo+Rmc is decided to 
become the degradation limit of the catalyst engine performance and Rmo becomes large 
whenever [ initial degradation ]. 

[0050] That is, this degradation degree is memorized as initial degradation here from the 
degradation judging of a catalyst performed once after engine start up. 

[0051] And it shifts to the routine of drawing 1 0 . This routine is what is repeatedly performed 
for every predetermined time after engine operation, and judges the percentage of completion of 
degradation of a catalyst. The step S51 here - step S54 When computing the reversal frequency 
ratio Fr of an oxygen sensor output in case it is the same, same content even as the above- 
mentioned step S2 - step S6 and an exhaust-gas temperature is beyond a predetermined value 
here, at step S55 based on this Fr, reading appearance of the degradation degree Rm is carried 
out from the table of drawing 8 , and percentage-of-completion deltaRm of degradation is 
computed the difference of this and said initial degradation degree Rmo, i.e., temporarily, as 
deltaRm=Rm-Rmo. Since the initial degradation degree detected immediately after an engine's 
start up corresponds to a permanent degradation degree, this deltaRm expresses momentary 
degradation of a recoverable catalyst. 

[0052] Step S56 compares degradation percentage-of-completion deltaRm with a reference 
value Rmc temporarily [ this ]. A reference value Rmc turns into a small value, and the tolerance 
of degradation also becomes small so much in this case temporarily, so that the initial 
degradation degree, i.e., a permanent degradation degree, is progressing. When degradation 
degree deltaRm is not below the reference value Rmc, since it shifts to the recovery routine of a 
catalyst, it progresses to step S57, and the recovery decision value Tr is read, and recovery 
actuation of step S58 is performed temporarily. 

[0053] In addition, this recovery routine serves as the same activity as step S34 from the above 
mentioned step S26 of drawing 7 , and performs a period until it reaches the recovery decision 
value Tr, and degradation recovery of a catalyst by Lean-ization of the air-fuel ratio in an 
elevated-temperature exhaust air ambient atmosphere. 

[0054] Thus, since a stage until degradation of the whole which doubled degradation and 
permanent degradation temporarily reaches a tolerance limit based on the reference value 
according to the initial degradation degree detected immediately after engine start up is judged, 
control for carrying out recovery of the catalyst can be performed efficiently, judging the 
condition of degradation to accuracy. 
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* NOTICES * 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the example of this invention. 
[Drawing 2] It is the explanatory view showing the changes condition of the catalyst engine 
performance. 

[Drawing 31 It is the flow chart which shows the control action of degradation detection of the 
catalyst of the above-mentioned example. 

[Drawing 4] Similarly it is the explanatory view of a degradation judging of a catalyst. 

[Drawing 51 It is the flow chart which similarly shows the control action of a degradation judging 

of a catalyst. 

[Drawing 6] It is the flow chart which similarly shows the control action of exposure time setting 
out of a catalyst. 

[Drawing 71 It is the flow chart which similarly shows the control action of degradation recovery. 
[Drawing 81 It is the explanatory view showing relation, such as a reversal frequency ratio and a 
degradation degree. 

[Drawing 9] It is the explanatory view showing the relation between catalyst inlet temperature 
and a weighting factor. 

[Drawing 101 It is the flow chart which shows the control action of other examples. 

[Drawing 1 11 Similarly it is the flow chart of the control action of a degradation progress judging 

of a catalyst. 

[Drawing 121 It is the explanatory view showing the relation between whenever [ initial 
degradation ], and a reference value. 

[Drawing 1 31 It is the explanatory view showing the relation between the degradation percentage 

of completion and a recovery decision value. 

[Drawing 141 It is the block diagram of the 1 st invention. 

[Drawing 151 It is the block diagram of the 2nd invention. 

[Description of Notations] 

1 Three Way Component Catalyst (Palladium System Catalyst) 

2 Oxygen Sensor 

3 Oxygen Sensor 

4 Controller 

5 Fuel Injection Valve 
9 Flue way 

13 Exhaust-gas-Temperature Sensor 

51 Degradation Degree Detection Means 

52 Degradation Recovery Stage Judging Means 

53 Degradation Recovery Means 

54 Degradation Recovery Time Setting Means 

55 Degradation Recovery Termination Means 
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[Drawing 11 
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bT«JMS*#, T i n>TcfcfcofcfcS«, 0 7tD 

[0 0 3 8) ttKO«ft». WfflOftftffifcteBSnT 
ir^WIBfcJKCTJiffU £0£5fcbT&fcpJtEli#ra 
T c i©BMBT, *<fc©31ff 

[0 0 3 9] H7fc43WT\ Xr^yS2 6T?H £T 
^SKTin = 0fcUt7hU XT7yS2 7T»i a? 

«*ft**ftWOUy^SHBIt«l« (KMR) 

[0040] rou y^&maMtre^ tem&<m& 
*T©iaiiBfflaoii3ii&*abT, fiaj^e^DScTo 

[0 0 4 1] KMRfc^fctlt Xfy^S2 9T, 
PiWT tei^ViTB 9 Of -^5, S*«*Kr 

[0 0 4 2] KBfi^^-Sfc, M«H£«AT*#flHBKtfi 

[0 04 3] Xf«^S31, S 3 2 T— £i&ffi£Uitf) 
^S8TO^rffi^|6(*r^o :o«JMTimtt, Tim 
= T i m + K r XT i £ LT*ffl;**V5. Xfy^S 3 

^S3 2r^^y${?jJ:U Xf7^S3 3&I*t 
T, W^fy^S2 7lCRD 1 SftfliWO»n 

[0 0 4 4] fc43, £C0*g£*t>* jSfcOBW, U-> 
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<? 

[0 0 4 5] Xf^^S 3 3T11 JfiffiiT im$, flft 

mmtf^Tvizfr zsfr&wm-rz. z.<d&5\zlt. 

0MK9tt* (EGR« £ffi#O3®gttti<0fflU;: 

[0 0 4 6] ffl«|fc€U-><b-r*C!)lC, 
^®W«**liiE'r§«fe 0 IC, Htc«» 1 0>±tt0o 

mm± >v 2 oT*fc 2 xan&WA-rsMKKft 

Xf7/S3 0l:^T, M»©±J«l:2^a**A 
b> *fc««A»«&U->flsbT«>J:Vi. lo^, x 

[0 0 4 7] »cfc, sio, 011 izm-rmvmmm* 
[0 0 4 8] commf*. m&mmo&fcvmnm 

[0049] 0 1 oo;u-f ms, ttn&ttitrr 

yysi-Xfy^S6^-tfct), Xfy^S4 7 
IC*5^T, ECBttftitF r fcJ:DH8CDf— 
*ae>fc*fl:KRm«r> SJSBSfrffcSRmo tUTE*** 

S*PMRmc*K^ai*r. COJWIRmcIt R 

mo + Rmc &Mm&m<D#<tmmtuz> <t 5 jcifefc 

[0 0 5 0] ^£0, C2L-?MU WOMmfcHBfrto 

bTia«br*<o 

[0051] -tbr, 01 0 co;p-f >fc»ff"TS. £ 

^Xf7^S5 1-XfyyS5 4JTft HG<± 
BXfy^S 2-Xf 6 CDrt^Tfc 

5T, rOFrtS^T, H8 0f-^6Sfft« 
^> ^*0— ^^OilffSARm^, A Rm= Rm — 
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[0 0 5 2] X^y:/S 5 6T£<£>— BS#<biI?T&AR 
m£g3MlRmc tJt«rT*. «JSI*{b&£\ o&D* 
A*{b£^*<^TV>*&t\ SWSRmctt/hSVMl 

t&D* ^cd«^^«, ^n^^-^r^b^w^art)^ 
mu Tstv^s 5 8 oiaafflfflttff &*f? r*. 

CO 0 5 3] fc*3* C0BWUU1'--7:vi& iftiELfc 
07©Xryys 2 6A^Xfy^S 3 4 t CDlfrfe 

[0 0 5 4] COJ^KLT* MBMXBXKttUL*: 

»«§fl«t*oT, xxftBSAXTsfcaaMfi a? 
ft, &<t<D&m&mmzw&LU&zm&£<ft5z.£L 

[0 0 5 5] 

*»M^Jfl©XXi* £©«K©#^£**ffir* 
ffl3*atfttt*fcfc«>. »8^W^^«3 

y->*ixu tem<D\B\&mm*no<D'v, tfcwfft 

MftttXftfHtU HMxSy^g>*S»t*!lW 

[0 0 5 6] B 2 0X911*. Mfit^StLTil:;^^ 

* a *mfti£ttmw&$Lx iznms n*»*iKb « <o 40 
««t, ^a>MiK®«^««tttur«seftft^ttU9 

t, «a$nfe«a*ftK^fciSDT)ttj«<o*flsia««i 

£*Jt «k 0 * U ->«0*ftBaMBaffi*Jt»c«»LT 
*ttta)*fl:B1([ffla&fT5«ft:B«[«a^afc, 10^ 50 
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<isB*aaic^uT^6o«*»nB««Rfi*nfe*fl2 

BflUUU* IW £X bfc t * lc#ftB1k*«ft K7 $ 

*ftBtt«a»T*ai:ft«^fcfc», f&m<D#<tm& 
ic«i;T«ftBfittaic<wa:xns»>ft»6tu 
*»iH«»Bttaa&ff5©r, aaBMs*u->fl:UT 

0*ftB«BXfcffdXKtt^»«ttttfc2feJWlMi* 

So 

[0 0 5 7] S3<OXWi, *i*fcliB2©BWl:* 

nr. jse*fl:BttfflaBfX«ft*a^ «ntttta» 

±<D&&\zm\sitL%\z&{tm&*w&mm*&7LTm 
f?r* *T©ftm&«jg-r*»x ?ix«fiw«3e^a t, 

piig^m t ft jt« LT«flsBaoa3a«rx* wst* 

a*fc*i;T. — ft*ft«w««Btaia-r**Toi« 
mftXXT«£2:fcj:9. jEXic^bBfiAa^x^n 

CCS*. 

[0 0 5 8] I4©i» «l*fctt»2 0>X9Ifc:*J 
HT\ ttBXfcBXXXXJVNXfV^ XXttttlftX 
£«fcS#4fttt#a0<ttiB L&*fcJt£ft«JH#fb«^ 

fcLTe*r*B«*a^ imgvpwiQKiHbfcXfls 

at, c©»ft»tf*t«DW*<fc«*ft:J6UT«**n 

*&ra t & MstK bTXftBttxxBra ft tier * Jt« 
w*#at^6«ij«*n*©"c, «i«co^{bxtfTS«:«o 

ft^to^fc*#o*ft*ti¥*«Hfca-r«*-pi35)i9«ft 

jEXfcWJtT* 21 t#T^*. 
[0 0 5 9] *5 0X^tt, *l-fS4 0XWCl*^ 

«*ft*iEUTa!«ttftU->«fc^7h*-&*©T, 

[0 0 6 0] R6 0JMI1 Xl^X4CE>XnKl«^ 

t, taiB^<biHi««i3i¥a«. msm&izmmisttfm 

<D±.mz2 LTtt««A#«0£«Jfcft U 

itftu-xbuxt), «na>sxjt»x*<om«inB(c 

^BttXX^tf^jyrftX^ftXftT* 

So 

[0ffi<DfB¥fcSftBJ] 

[hi] *xM©5afi«ft^-ri»e«i«HT&s. 

[02] ftL^tttBoXXttXS^-ra^HT&S. 

[B 3 ] ±&ni&w<Dmm<D&tefcm<D%mmftzm? 
[B4] nD<ttxo«flsnftottmBT»«. 
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[0 7] ^U<^bI5iffiffl3S(D^®(i^^'r7n-5 1 

[0 8] R&mmK)tL&<zm&m<ow&*m-t&9im 
[0 9] ««AP^ai:m^aogi«$^TUi^0T 

10 

[010] ffiOSjlKftloftmiftfP&ST^n-^^-h 

[0ii] nv<mm<o%fcmftmfcmmmfto>yu 
[012] «j»i^bSi:Sip{ioK^^"ritt^0-c^ 

-So 

[0i 3] &imff&t®'&mmmfem<Dmft&m-r®. 



4$BB¥7-1 8 5 3 44 

i£ 

[014] fglO^CO«/£0T&£o 
[015] ^2(D^CO«|^0T&S. 

2 8a5SHl>-tf 

3 ®5SHr>iJ- 

4 3>hD-7 

5 WMOm 
9 IMHUI 

1 3 mm,mt±>v 

51 *fl«^*Hi^a 

52 ^muBmmnmm 

5 3 tt0Mlfii 

54 *^iiia«is«ffB»t#a 

55 9sitmvsammrmat 
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